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ABSTRACT 
We present a novel approach for the user experience and 
usability methodology procedure evaluation, shown in an 
example of the user experience and usability study of an 
interactive HbbTV application. A special questionnaire, 
partly based on the NASA TLX standard test is presented. 
The concept has been successfully implemented in several 
field trials of the SEE TV-WEB project and very positive 
feedback was gained.  
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INTRODUCTION AND MOTIVATION 
With the rapid evolution of multimedia and Internet 
technologies the evolution of networked multimedia 
platforms followed in the form of convergence towards 
digital information representation and conveyance. Digital 
television is the manifestation of the trend, evolving from 
the passive and rigid medium towards a fully interactive 
environment supporting a plethora of innovative service 
schemes. The possibilities of digital television extend far 
beyond the rigid service space of analogue television by 
enabling the combination of audio-visual information to 
interactive services traditionally perceived as being foreign 
to television. Digital television has the potential to 
revolutionize the way in which the general population 
perceives and deals with television [1].  
The television changes in several disciplines concurrently – 
from analogue to digital; from scheduled broadcasts to on-
demand television on the internet; from a lean-back 
(passive) to a lean-forward (active) media; from straight 
watching to the consumption of content connected to 
additional services; from the sole television viewer to the 
viewer being part in social networks and communities 
regarding to the television content, etc. Two of these trends, 
which are especially apparent, are social and collaborative 
interactive television in convergence with the internet as the 
information / communication / collaboration media. 
Television was a social media from the very beginning, 
where people gathered to enjoy a football match together, 
were watching the first steps of mankind on the moon or 
relaxed in front of an exciting movie. The actual 
“collaboration” took place outside the media, e.g. in follow-
up face-to-face conversations. With the development of 
more advanced media formats on the web, interactivity 
emerged. The TV environment as such is therefore a 
changing environment, which more and more adapts ideas 
of media services as known from the web, or using the web 
parallel as information/communication/collaboration media 
[2]. 
Usability and the overall user experience (Ux) with a 
product or a service, especially in a case of the multimedia 
and interaction rich TV applications, may prove to be a 
deciding factor of success or failure. Therefore, designing a 
service, targeting a broad and diverse audience, including 
users who potentially have no previous experience with 
technology or even show aversion toward it, is challenging, 
at the least. Beside the requirement for the technology–wise 
mature solution, the user interface, interaction method, 
usability and user experience in general, play a paramount 
role in the final service’s success and acceptance. To 
minimize these risks the users should be involved at all 
stages of the development process. This approach is 
commonly referenced by the term User-Centered Design 
(UCD) [3]. The final goal of the UCD approach is not only 
to develop a useful service (usability aspect), but also to 
provide a service that is easy and enjoyable to use with low 
cognitive demand and low learning curve thus ensuring a 
good user experience. Usability is usually denoted as the 
ability of the user to use the device or service in order to 
successfully carry out a task at hand, whereas the use user 
experience takes a broader view, looking at the users’ entire 
interaction with the device or service, as well as the 
thoughts, feelings and perceptions that result from that 
interaction. 
Choosing the right methodology and measuring the user 
experience [4], however, is not a trivial task, dependent on 
the product or service itself and also heavily influenced by 
the target user group.  
To illustrate these aspects, we present a methodological 
approach towards the evaluation of user experience and 
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usability aspects methodology of an interactive HbbTV 
television application. The study is based on a real life case, 
an international EU SEE TV-WEB project [5]. The aim of 
the TV-WEB project is to use the free digital terrestrial 
television (DTT) broadcasting frequency spectrum 
capacities for transmitting selected Internet content and to 
provide the best possible experience for the elderly people, 
economically weak people, and people living in rural areas, 
who do not usually use personal computers and who have 
no possibility of an Internet connection at all. The concept 
of the project differs from the services provided by 
technologies, such as connected and Smart TV, where the 
Internet experience is ensured by connecting the television 
set to the Internet. Instead, the SEE TV-WEB project 
foresees delivery of Internet content to the homes solely 
using the DTT spectrum. The project involves 16 partners 
from 7 countries: Austria, Hungary, Slovenia, Croatia, 
Bosnia and Herzegovina, Montenegro and Serbia. The pilot 
implementation plan and consequently user experience 
testing plan is ambitious as well, as there were multiple live 
pilots performed within all partner countries. 
Within the project’s activities, a special attention was given 
to the most appropriate user experience and usability 
methodology technique selection. In addition to this, a very 
special care was given to the evaluation of the user 
experience and usability methodology used. A special 
questionnaire was developed to better understand these 
aspects and to possibly improve the user experience and 
usability methodology used, producing more reliable results 
and providing better user experience in the final version of 
the product as well as providing a pleasant experience 
during the testing of the product. 
Main contribution of the presented paper therefore is a 
methodological approach for the user experience and 
usability methodology procedure evaluation. 
The rest of the paper is organized as follows: related work 
is presented in section 2; a brief description of the SEE TV-
WEB project and the user experience methodology used is 
described in section 3; the proposed methodological 
approach for the user experience and usability methodology 
procedure evaluation is presented in section 4; while key 
conclusions and future work references are drawn in the last 
section. 
 
RELATED WORK 
Designing user experience for the smartTV environment is 
different from designing for the PC or mobile devices and 
presents a different set of challenges. In “User Interface 
Design Principles for Interactive Television Applications” 
[6], the authors propose set of user interface design 
principles specifically targeted for iTV applications. 
The SEE TV-WEB project has already been presented to 
the public on several professional and scientific conferences 
and events. In the paper “WEB on TV: designing the user 
experience” [7] an introduction, project motivation, 
technical requirements and architecture, and initial usability 
aspects and proposed user evaluation method for the TV-
WEB project are presented. 
Specifically addressing the user experience challenges 
within the TV-WEB project the authors of the “WEB on 
TV: Cross-National User Study for Designing Better User 
Experience” [8] research paper report the user studies about 
the media literacy, media  use  and  the  interest  about  such  
services  in  two  different European countries, i.e. Austria 
and Montenegro. Additionally, the user-centered design 
process for the service that was conducted as a part of the 
study in Slovenia is presented. Interviews, focus groups and 
card sorting techniques were used as methodology. Results 
of the studies were used as initial input for deciding on the 
most appropriate content and design, and interaction 
approaches when implementing the TV-WEB service. 
 
THE TV-WEB PROJECT AND EVALUATION METHOD 
The SEE TV-WEB project’s main focus is on providing 
selected web based multimedia content directly over the 
DVB-T/T2 networks [9] with simulated local interactivity. 
The TV-WEB application is built according to the HbbTV 
standard requirements [10]. The technical solution of the 
project consists of the server side and the end-user side. The 
server side provides all the necessary equipment for 
ensuring content editing, storage, adaptation, multiplexing 
and distribution over the DVB T/T2 channel, while this 
content is received and presented to the user on the end-
user’s side. All information, consisting of the application 
and multimedia data itself is transmitted directly over the 
DTT network, rendering the Internet network access 
unnecessary.  
From the users’ perspective, the TV-WEB service 
represents “just another TV channel”, in form of a locally 
interactive TV application. Content is organized into a 
matrix of news items. The left column represents content 
types (e.g. local news, weather …), and rows specific news 
items relevant for each content type. A typical TV-WEB 
service main screen is shown in Figure 1.  
 
Figure 1: The TV-WEB service main screen 
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Special care was given to the most appropriate user 
experience and usability methodology technique selection, 
target user group selection and persona modelling, and 
scenario / tasks / procedure preparation. Methodology 
approaches, such as think-aloud protocol in combination 
with a guided interview and observation of verbal as well as 
non-verbal responses were found to be most appropriate. In 
addition to this and to ensure the repeatability and 
comparability of different tests and help guide the process, 
a special questionnaire (Table 1) was developed. The 
questionnaire served as guidance as it was used by the Ux 
experts to gain the desired information. The participants did 
not have to fill out the questionnaire by themselves, as this 
was done by the Ux experts. Special target user groups, 
such as the elderly, proved to be especially challenging. 
TV-WEB Ux questionnaire 
Location  Date  
1. Personal information 
Gender [F, M, group] 
Age 
Use of technology [Yes, No] 
Technology experience (1=no experience; 5=regular user) 
TV:                                       1       2       3       4        5 
Computer:                          1       2       3       4        5 
Internet&applications:      1       2       3       4        5 
Internet access [Yes, No] 
Additional notes 
2. Tasks 
Task 1 What is the number of news stories in the category »X«? 
Task completed:             Successfully  Unsuccessfully  
Problems: Yes  No 
Notes:  
 
Task 2 Search for the news titled »X« and find out who/what is »Y«. 
Task 3 Set your optimal font size. 
3. User interface interaction, navigation and design 
Do you have any problems using the remote control? 
Is the navigation clear and easy to use? 
Are the “breadcrumbs” clear enough? 
Do you find the functionality of the coloured buttons useful? 
Would you like to have a special key on the remote control to exit the 
application? 
Would you like to have a special key on the remote control that will 
navigate you directly to the home screen? 
Is the font size large enough? 
Is the font easy to read? 
Do you like the design? Is the contrast ratio good enough? 
4. Content 
Is the selected content appropriate? Would you like to add/change 
something? 
5. Overall impression and satisfaction 
Do you find the service simple to use? 
Would you like to use the service daily? 
If yes, how much would you be willing to pay for the purchase of the 
service (both hardware and software)? 
Overall impression and satisfaction with the service. Comments, wishes. 
Table 1: Detailed TV-WEB Ux test questionnaire structure 
 
The TV-WEB service received a lot of positive feedback, 
from all target user groups, and interestingly, even the 
younger participants found value in the service, mainly in 
its simplicity of use. Some impressions from tests 
performed are show in Figure 2. 
 
 
Figure 2: Impressions from the TV-WEB Ux testing 
(Podgorica, Montenegro, June 2014) 
 
THE TV-WEB METHODOLOGY PROCEDURE 
EVALUATION 
In addition to the Ux procedure itself, a very special care 
was given to the evaluation of the user experience and 
usability methodology used. A special questionnaire (Table 
2) was developed to better understand these aspects.  
The idea behind this research is not only to evaluate and 
improve the TV-WEB service but also to gain insights how 
the participants perceived the whole Ux evaluation 
procedure itself. This step was also performed in a form of 
a guided interview after the TV-WEB Ux evaluation 
procedure was complete. It was designed to be as effortless 
as possible for the participants and was therefore estimated 
to be done in 5 to 10 minutes. It is partly based on the 
NASA Task Load Index (TLX) standard test [11] and partly 
custom designed with the TV-WEB specifics in mind. This 
approach makes it useful for the intended purpose while 
still allowing comparison with other standardized 
approaches and studies. 
The NASA TLX is a very simple yet effective tool for 
assessing the work load. Originally designed to better 
understand the physical and cognitive level of difficulty of 
astronauts’ task, the test can be effectively applied to other 
domains as well. The standard test consists of 6 questions 
using the 7-point Likert scale, as shown in Figure 3. 
Mental, physical, temporal, performance, effort and 
frustration aspects for a specific task can be measured, 
making the tool valuable for user experience measurement 
as well. 
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 Figure 3: The NASA TLX standard workload test 
The personal and previous technology experience 
information is gained from the Ux test questionnaire (Table 
1). The rest of the evaluation questionnaire (Table 2) is 
divided into three parts, corresponding with the content of 
the Ux test questionnaire and procedure. Various 
physiological-psychological aspects were sought, all from 
the participants’ point of view. A seven point Likert scale 
was used, with “1” indicating the best positive feedback, 
“4” neutral/undecided feedback and “7” the most negative 
feedback.  
The aspects sought were:  
• the perceived physical effort during the Ux 
procedure and while solving tasks, 
• the perceived mental effort 
• the perceived time complexity, 
• the perceived frustration/pleasantness, and finally, 
• the perceived attitude towards the participants, 
presentation style and content appropriateness. 
The questions regarding the mental, physical, temporal, 
performance, effort and frustration aspects are based on the 
NASA TLX test (1.1, 1.2, 1.3, 2.3.1, 2.3.2, 2.4.1, 2.4.2, 
2.5.1, 2.5.2, 3.1 and 3.2) while the questions regarding the 
presentation style, attitude towards the participants and 
appropriateness of the content are TV-WEB project related 
(1.4, 1.5, 1.6, 2.1, 2.2, 2.6, 2.7 and 2.8). 
 
TV-WEB methodology evaluation questionnaire 
Location  Date  
Personal information 
Gender [F, M, group] 
Age 
Use of technology [Yes, No] 
Technology experience (1=no experience; 5=regular user) 
TV:                                             1       2       3       4        5 
Computer:                                 1       2       3       4        5 
Internet&applications:             1       2       3       4        5 
Internet access [Yes, No] 
Additional notes 
N Question Pos.      Undecided    Neg. 
1 Physiological-psychological aspects 
1.1 Physical difficulty/effort of 
solving TV-WEB Ux procedure 
(simple vs. extremely complex) 
1 2 3 4 5 6 7 
1.2 Mental difficulty/effort of solving 
TV-WEB Ux procedure 
(simple vs. extremely complex) 
1 2 3 4 5 6 7 
1.3 Time complexity of solving TV-
WEB Ux procedure  
(brief vs. extremely time 
consuming) 
1 2 3 4 5 6 7 
1.4 Presentation style – 
procedure/task/question clarity 
(clear/understood vs. extremely 
confusing) 
1 2 3 4 5 6 7 
1.5 Presentation style - attitude 
towards participants 
(pleasant vs. extremely 
unpleasant) 
1 2 3 4 5 6 7 
1.6 Presentation style – ambient 
setup 
(pleasant vs. extremely 
unpleasant) 
1 2 3 4 5 6 7 
2 Procedure content/task selection 
2.1 Personal information section 
appropriateness  
(appropriate vs. not appropriate) 
1 2 3 4 5 6 7 
2.2 Task selection overall 
appropriateness 
(appropriate vs. not appropriate) 
1 2 3 4 5 6 7 
2.3 Task 1: What is the number of news stories in the category 
»X«? 
2.3.1 Task 1 – time complexity 
(brief vs. extremely time 
consuming) 
1 2 3 4 5 6 7 
2.3.2 Task 1 – intuitiveness, 
pleasantness  
(intuitive/pleasant vs. not 
intuitive at all/frustrating) 
1 2 3 4 5 6 7 
2.4 Task 2: Search for the news titled »X« and find out who/what is 
»Y«. 
2.4.1 Task 2 – time complexity 
(brief vs. extremely time 
consuming) 
1 2 3 4 5 6 7 
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2.4.2 Task 2 – intuitiveness, 
pleasantness 
(intuitive/pleasant vs. not 
intuitive at all/frustrating) 
1 2 3 4 5 6 7 
2.5 Task 3: Set your optimal font size. 
2.5.1 Task 3 – time complexity 
(brief vs. extremely time 
consuming) 
1 2 3 4 5 6 7 
2.5.2 Task 3 – intuitiveness, 
pleasantness 
(intuitive/pleasant vs. not 
intuitive at all/frustrating) 
1 2 3 4 5 6 7 
2.6 Content related questions 
(appropriate vs. not appropriate) 
1 2 3 4 5 6 7 
2.7 User interface interaction, 
navigation and design related 
questions 
(appropriate vs. not appropriate) 
1 2 3 4 5 6 7 
2.8 Overall service impressions and 
satisfaction/payment related 
questions 
(appropriate vs. not appropriate) 
1 2 3 4 5 6 7 
3 Overall grade/satisfaction 
3.1 Time spent while solving the 
TV-WEB Ux procedure 
(subjective feeling of time 
spent in minutes) 
< 
10 
1
0
-
2
0 
2
0
-
3
0 
3
0
-
4
0 
4
0
-
5
0 
5
0
-
6
0 
> 
60 
3.2 The TV-WEB Ux procedure 
overall grade - frustration?  
(not frustrating/pleasant vs. 
extremely frustrating) 
1 2 3 4 5 6 7 
Additional notes: 
 
Table 2: The TV-WEB methodology evaluation questionnaire 
The proposed methodology evaluation procedure was used 
in several live field test trial of the TV-WEB project, 
namely in Serbia, Montenegro and Bosnia. The preliminary 
results are VERY positive; indicating the service itself as 
well as the Ux testing procedure was well thought of and 
pleasant for the participants. 
By using this approach it was possible to improve the user 
experience and usability methodology used, producing 
more reliable results and providing better user experience in 
the final version of the product as well as providing a 
pleasant experience during the testing of the product. 
CONCLUSIONS 
In the paper we proposed a new approach to the evaluation 
of the user experience and usability methodology used. The 
idea was presented on a real life case – a HbbTV 
application of the SEE TV-WEB project.  
By using this procedure not only the user experience and 
usability aspects of the tested service or product are 
revealed, but also valuable insights from the participants’ 
perspective of the whole user experience procedure are 
gained. The approach was successfully implemented in 
several field trials and very positive feedback was gained. 
These results will be analyzed and discussed in future 
works. 
With this in mind, the product or service under test can be 
further improved and the whole experience made more 
pleasant for the participants. 
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